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Infants show spontaneous looking preferences among isoluminant chromatic stimuli [Adams, R. J. (1987). An evaluation of color
preferences in early infancy. Infant Behavior and Development, 10, 143–150; Bornstein, M. H. (1975). Qualities of color vision in infancy.
Journal of Experimental Social Psychology, 19 (3), 401–419.]. These diﬀerences in preference have often been called ‘‘hue’’ or ‘‘color’’
preferences, and attributed to diﬀerences in hue, but there are alternative explanations. Spontaneous preference variations remain after
stimuli are equated for adult brightness, and thus cannot be attributed to adult-like brightness diﬀerences [Teller, D. Y., Civan, A., &
Bronson-Castain, K. (2004). Infants’ spontaneous color preferences are not due to adult-like brightness variations. Visual Neuroscience,
21 (3), 397–401]. In the present paper, we address three more alternative explanations: colorimetric purity; infant detection thresholds;
and adult-like variations in saturation. Three experiments were conducted. In Experiment 1 we measured infants’ spontaneous prefer-
ences for each of 22 diﬀerent chromatic stimuli of varying dominant wavelength and colorimetric purity, each paired against the same
white standard. In Experiment 2, we measured infants’ chromatic detection thresholds. In Experiment 3, adult subjects made saturation
matches between a blue-green standard and each of ﬁve other chromatic stimuli. Infant detection thresholds accounted for 34% of the
variance in infant ‘‘hue’’ preferences, much more than colorimetric purity (2.4%) or adult saturation judgments (3%), but none of the
three variables accounted for the majority of the variance. In our view, the most likely remaining option is that infants’ spontaneous
‘‘hue’’ preferences indeed arise from preferences for the hues of stimuli that adults see as blue, purple and red.
 2007 Elsevier Ltd. All rights reserved.
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The sensory aspects of infants’ color vision have been
extensively studied. It is well established that young infants
can make chromatic discriminations. For example, 2-
month-olds can discriminate most large, high purity chro-
matic stimuli from white (Teller, Peeples, & Sekel, 1978)
and infants’ chromatic discrimination capacities improve
with age (Clavadetscher, Brown, Ankrum, & Teller, 1988;
Dobkins, Anderson, & Kelly, 2001).
Infants also exhibit clear spontaneous preferences
among stimuli of diﬀerent chromaticities. In a classic study,
Bornstein (1975) tested 4-month-olds with a set of eight0042-6989/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
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E-mail address: ikz@u.washington.edu (I. Zemach).55 cd/m2, isoluminant, narrow-wavelength-band test stim-
uli embedded in a dark surround. He paired each wave-
length with each other wavelength, and measured the
infants’ mean looking time for each stimulus, averaged
across all pairs. In a second experiment, each stimulus
was presented singly. In both cases, Bornstein found that
isoluminant chromatic stimuli of high colorimetric purity
were not all equally preferred. Infants looked most at
wavelengths from the spectral extremes—perceptually,
red and blue, and least at midspectral wavelengths—per-
ceptually, blue-green, green, and especially yellow-green.
Similarly, Adams (1987) tested spontaneous preferences
using a set of ﬁve isoluminant test stimuli at two diﬀerent
luminance levels, 3 and 30 cd/m2. Four broadband chro-
matic stimuli and one gray stimulus were projected succes-
sively on a screen, and infants’ mean looking times were
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er at stimuli of lower luminance, but this luminance change
made no diﬀerence for the older age groups. All three age
groups preferred most or all of the chromatic stimuli to
the gray stimulus. Newborns and 1-month-olds showed
no reliable preferences among the four chromatic stimuli,
but 3-month-olds showed the preference order red, yellow,
blue, green.
Although these spontaneous preferences have often been
called ‘‘hue’’ (or ‘‘color’’) preferences, and described with
color names, they could potentially arise from any of sev-
eral other sources. In terms of classical color theory, there
are three kinds of possibilities.
The ﬁrst possibility is that these preferences could be
controlled by the physical and/or quasi-physical parame-
ters of the stimuli, such as luminance or colorimetric puri-
ty. If so, stimuli matched for these variables should be
equally preferred. In fact, these options have met with little
support, because infants’ ‘‘hue’’ preferences persist when
stimuli are equated on these dimensions. Thus, both Born-
stein’s and Adams’ data militate against the luminance
hypothesis, since their stimuli were all isoluminant by adult
standards, and infants’ isoluminance values agree closely
with those of adults (Brown, 1990; Chien, Teller, & Palmer,
2000; Dobson, 1976; Maurer, Lewis, Cavanagh, & Anstis,
1989; Moskowitz-Cook, 1979; Pereverzeva, Chien, Palmer,
& Teller, 2002 but cf. Bieber, Volbrecht, & Werner, 1995,
for very short wavelengths). Similarly, the colorimetric
purity hypothesis can be rejected on the basis of Born-
stein’s data, at least for high purity values, because he used
relatively narrow-band stimuli matched in colorimetric
purity at (or very close to) 100%, and still found marked
variations of preference.
A second possibility is that these preferences are con-
trolled by the infants’ sensory capabilities. For example,
infants’ color preferences could be determined by their
chromatic detection thresholds, with a ﬁxed level of detect-
ability leading to a ﬁxed level of preference. If so, stimuli
matched in detectability should all be equally preferred.
A third andmore conceptually complex possibility is that
infants’ spontaneous looking preferences are controlled by
perceptual variables. For adult subjects, isolated spots of
light are classically described as varying along three percep-
tual dimensions: hue, brightness and saturation. In terms of
physical variables, hue depends most closely on dominant
wavelength, brightness on luminance and saturationonpuri-
ty.However, the three variables interact to control color per-
ception in adults, and chromatic stimuli that are matched in
luminance still vary along all three perceptual dimensions.
Thus, diﬀerences in preference could stem from diﬀerences
in any one or more of the three. Before attributing infants’
spontaneous preferences to diﬀerences in hue, one must
address the possibility that they could be caused by diﬀerenc-
es in brightness and/or saturation.
In order to use a perceptual hypothesis to explain
infants’ color preferences, it is necessary to make several
assumptions. We begin by assuming that the perceptualdimensions of infant color vision are the same as those of
adults. That is, we assume that infants perceive all three
dimensions of color: hue, brightness and saturation. Since
both luminance diﬀerence thresholds and chromatic detec-
tion thresholds are elevated in infants, it seems likely that
the ranges of variation along their various color dimen-
sions are compressed. However, we assume that any such
compressions apply equally to all stimuli along a given
dimension; that is, that a set of stimuli matched in hue,
or brightness, or saturation for adults are also matched
in hue, or brightness, or saturation for infants.
In adults, stimuli matched in luminance still vary in
brightness (Ayama & Ikeda, 1998; Burns, Smith, Pokorny,
& Elsner, 1982; Wagner & Boynton, 1972), and the stimuli
that are judged by adults to be the brightest—blues and
reds—are also the stimuli most preferred by infants. This
covariation suggests the hypothesis that infants’ spontane-
ous ‘‘hue’’ preferences could be based on diﬀerences in
brightness rather than hue. This hypothesis has been
addressed previously in our laboratory (Teller, Civan, &
Bronson-Castain, 2004). Infants were tested with a set of
isoluminant stimuli, and retested with the same stimuli
matched in brightness by adult subjects. If the original
preferences were caused by adult-like brightness diﬀerenc-
es, the original pattern of preferences should disappear,
and the brightness-matched stimuli should all be equally
preferred. But in fact, the pattern of preferences was little
changed. Under the assumption that stimuli matched in
brightness for adults are also matched in brightness for
infants, the results rule out the hypothesis that infants’
‘‘hue’’ preferences arise from variations in brightness.
Similarly, in adults, stimuli matched in colorimetric
purity still vary in saturation (Indow, 1978; Indow & Ste-
vens, 1966; Kraft & Werner, 1999; see Kraft & Werner,
1999 for additional references); and the stimuli that are
judged to be the most saturated—blues and reds—are also
the most preferred by infants. Thus, a second hypothesis
based on perceptual dimensions is that infants’ spontane-
ous color preferences arise from adult-like variations in sat-
uration on the part of the infant. If so, then stimuli
matched in saturation by adults should all be equally pre-
ferred by infants.
The goals of the present project were two-fold. First, we
wished to collect an extensive new data set on infants’
spontaneous preferences for many broadband chromatic
stimuli of varying purity and dominant wavelength, each
paired against the same white standard stimulus. Second,
we wished to use these data to examine three of the hypoth-
eses discussed above.
Three experiments were performed. In Experiment 1, we
collected our basic data set. The data were used to examine
the dependence of looking preference on colorimetric puri-
ty along lines of constant dominant wavelength in CIE
1931 (x,y) chromaticity space. The data were also used to
compare preferences across color lines, and thus to reexam-
ine the colorimetric purity hypothesis at lower purities than
those used by Bornstein.
Table 1
Stimulus speciﬁcations
Name (dominant
wavelength nm)
Colorimetric
Purity (%)
CIE x CIE y Pref
White (n/a) 0 0.33 0.33 —
Blue (467)a 58 0.15 0.07 82
29 0.18 0.12 74
11.6 0.24 0.19 75
5.8 0.30 0.27 63
2.9 0.3 0.27 61
Blue-green (490)a 31 0.21 0.32 55
Green (544)a 83 0.29 0.60 61
78.1 0.31 0.49 57
Yellow (577)a 48 0.46 0.47 58
Red (606)a 89 0.62 0.35 64
80.1 0.57 0.34 68
35.6 0.46 0.34 65
17.8 0.42 0.34 58
Purple (n/a)a 32 0.36 0.19 69
19.2 0.36 0.24 69
9.6 0.35 0.28 64
3.2 0.34 0.32 52
Blue-blue-green (485) 41 0.19 0.26 63
Green-blue-green (515) 49 0.25 0.47 54
Green-yellow (555) 86 0.37 0.54 63
Yellow-red (578) 84 0.49 0.44 63
67.2 0.46 0.41 65
Column 1, stimulus name and dominant wavelength; column 2, colori-
metric purity; columns 3 and 4, CIE 1931 (x,y) chromaticity coordinates;
column 5, percent preference over the white standard.
a Standard color lines.
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tion thresholds, and used these data to examine the chro-
matic detection hypothesis. In Experiment 3, adult
subjects made saturation matches among stimuli of diﬀer-
ent dominant wavelengths, and we used these data to
examine the saturation hypothesis. None of these hypothe-
ses provided good quantitative predictions of infants’ spon-
taneous preferences. The most likely remaining possibility
is that infants’ spontaneous ‘‘hue’’ preferences are indeed
caused by preferences among the perceived hues of stimuli
of diﬀerent wavelength compositions.
2. General methods: Speciﬁcation of stimuli
Stimuli were generated on a color video system consist-
ing of a Macintosh Power PC 7500 controlling a calibrated
Sony GDM-FW900 Trinitron Color Graphic Display cali-
brated with a PR-650 photometer (Photo Research). The
size of the display was 68 · 42 and the viewing distance
was 38 cm for both adults and infants. The test and stan-
dard stimuli were 10 disks, centered 15 deg to the left
and right of the center of the video display screen. The
standard stimulus was always white, whereas the test stim-
ulus could have one of 22 diﬀerent chromaticities.
The monitor had a peak luminance of 63 cd/m2 and a
black level of 0.1 cd/m2. White and chromatic test stimuli
were all isoluminant at 4.5 cd/m2. This relatively low lumi-
nance level was used because of the limited available lumi-
nance for the blue phosphor, and the need to make all
stimuli isoluminant. It should be noted that no claim is
made in this paper that the stimuli are of high enough lumi-
nance to isolate cone vision. In fact it is likely that rod-ini-
tiated signals contribute to the perceived hues of our
stimuli. The luminance of the surround was 0.45 cd/m2 in
Experiments 1 and 3, and 4.5 cd/m2 in Experiment 2. The
surround was always white, but appeared a dim gray at
its lower luminance value.
Chromatic stimuli can be speciﬁed in terms of dominant
wavelength and colorimetric purity (Wyszecki & Stiles,
1982, pp. 175–176). This speciﬁcation system begins with
a set of straight lines radiating from the white point to the
spectrum locus. These lines are lines of constant dominant
wavelength; for brevity we refer to them as color lines.
The dominant wavelength of a stimulus is the wavelength
at which the color line passing through white and the chro-
maticity coordinates of the stimulus cuts the spectrum
locus. An analogous set of deﬁnitions is provided for stimuli
along the purple line (Wyszecki & Stiles, 1982, p. 176).
In terms of its chromaticity coordinates, the colorimetric
purity (Pc) of a stimulus is deﬁned as:
Pc ¼ yb
y
 
y  yw
yb  yw
 
where y is the y chromaticity coordinate of the test stimu-
lus, yb is the y chromaticity coordinate of its dominant
wavelength and yw is the y chromaticity coordinate of
white.Stimuli of varying colorimetric purities along a color
line can be created by mixing a spectral light and a white
standard light in particular proportions, and the colorimet-
ric purity of such a stimulus is the fraction of its total lumi-
nance contributed by the spectral component. For
example, colorimetric purity is 0% for white light and
100% for each spectral light, and varies continuously with
proportions in between. This operation leads to a second,
simpler deﬁnition of colorimetric purity. Since the y chro-
maticity coordinate is numerically equal to the luminance
of the stimulus, colorimetric purity can also be deﬁned as:
Pc ¼ Lk
Lk þ Lw
where Lk is the luminance of the spectral component and
Lw is the luminance of the white component in the mixture
(Pokorny, Smith, Verriest, & Pinckers, 1979, p. 34).
On a color video system, colorimetric purity is varied by
mixing one or two of the phosphors with the video white
standard in particular proportions. However, color video
systems have a limited color gamut, and only produce stim-
uli with relatively low colorimetric purities. The maximum
colorimetric purity varies with the dominant wavelength
(see Table 1).
For convenience, we use color names to refer to our
stimuli. The color name white is used to refer to stimuli
with CIE 1931 (x,y) chromaticity coordinates (0.33, 0.33).
In all experiments, stimuli from six color lines were used.
Three of the color lines (nominally blue, green, and red)
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monitor, and the other three lines (nominally yellow, pur-
ple, and blue-green) continue the former three lines to the
other side of the white point. In Experiment 1, ﬁve addi-
tional chromatic test stimuli—nominally blue-blue-green,
green-blue-green, green-yellow, and red-yellow of two diﬀer-
ent purities—were also used, largely to explore infants’
preferences at additional points along the gamut limit.
The CIE 1931 (x,y) chromaticity coordinates, dominant
wavelengths, and colorimetric purities of the stimuli are
given in Table 1.
3. Experiment 1: Infant spontaneous preferences
Experiment 1 addresses the question of infants’ sponta-
neous color preferences among stimuli that lie within the
video gamut. We paired each of 22 chromatic stimuli
against white. We showed that infants prefer a wide range
of chromatic stimuli to white, and that along each individ-
ual color line (line of constant dominant wavelength) this
preference increases regularly with increasing colorimetric
purity.
The data also allow us to test the hypothesis that, across
color lines, infants’ spontaneous color preferences are pre-
dictable from colorimetric purity. Bornstein (1975) showed
that infants’ spontaneous color preferences clearly varied
among stimuli matched at 100% colorimetric purity. His
data reject the hypothesis that colorimetric purity controls
infant preferences across color lines at high purity values.
Based on the data from Experiment 1, we constructed
iso-preference contours at lower purity values, and com-
pared them to iso-purity contours. We thus extend Born-
stein’s observation to lower purity values.
3.1. Experiment 1: Methods
Infant subjects were 12-week-olds recruited from the
Communication Studies Subject Pool at the University of
Washington. Each infant was healthy according to parents’
report, and had no known family history of color deﬁcien-
cy. Each infant was born within 14 days of his/her due
date, and tested within the week of his/her 12-week birth-
day. Prior to testing, the parents were acquainted with
the details of the experiment, and written consent was
obtained.
Each infant was tested with a single chromatic test stim-
ulus, paired with white, for a single 1/2 h session. A mini-
mum of sixty trials was required for data retention. Two
hundred thirty-ﬁve infants were tested successfully, with
10 or 11 infants for each of the 22 chromatic stimuli used
in Experiment I. Data from 15 additional infants were
excluded for failure to complete the required number of tri-
als. In the retained data sets, a mean of 61 trials per infant
was obtained.
Each of the 22 chromatic test stimuli was tested against
the same ﬁxed white standard stimulus. Along each of our
six chosen color lines, the stimulus with the highest avail-able purity was tested ﬁrst. If the group average preference
was greater than 60% (blue, purple, red, and green), lower
purities were tested along the same color line, with the
intent of ﬁnding additional stimuli with preferences above
60%. If not (blue-green and yellow), no lower purities were
tested; instead, another 10 subjects were run with these two
stimuli in order to increase statistical power. As speciﬁed
above, ﬁve additional stimuli were also tested—four to fur-
ther deﬁne variations of preference along the gamut limit,
and one more to examine the region between yellow and
red within the gamut limit.
Infants were tested with a preferential looking technique
(Fantz, 1965). The testing method diﬀered from that of
Bornstein (1975), in that measurements of prolonged look-
ing times were replaced with a multiple discrete trial tech-
nique (Teller, Pereverzeva, & Zemach, in press). Infant
subjects were held in front of the video display by an adult
observer. On each trial, test and standard stimuli were pre-
sented. The observer was blind to the locations of the test
stimuli. The observer watched the infant’s looking behav-
ior on an auxiliary video monitor, and judged the side of
the display at which the infant preferred to look. Individual
trials lasted a minimum of 3 s, an average of about 4 s, and
a maximum of 5 s. Trials on which the infant was inatten-
tive were interrupted, and restarted when the infant became
attentive again. The inter-trial interval was 3 s. Trials were
repeated until the infant became too sleepy or fussy to con-
tinue. The dependent variable was the percent of trials on
which the infant was judged to prefer the chromatic test
stimulus to the white standard.
3.2. Experiment I: Analysis
Analysis of the data included several steps. First, group
mean preference values and standard errors were calculated
for each of the 22 chromatic stimuli. The average standard
error was about 2%.
Second, to describe the inﬂuence of colorimetric purity
for a ﬁxed dominant wavelength, the data along each of
the six color lines were ﬁtted with Weibull functions. The
Weibulls had an exponent of 1, a lower asymptote of 0.5
and an upper asymptote of 0.8. The exponent was set to
1 because it allowed all 12 data sets in Experiments 1
and 2 to be ﬁt with the same exponent, thus keeping
the number of free parameters small. The upper asymp-
tote was set at 80% because in an earlier study, the high-
est spontaneous preferences seen among 10 red, white
and blue disks of varying purity was about 80% (Civan,
Teller, & Palmer, 2005). The lower asymptote was set to
0.5 because at a colorimetric purity of 0, test and stan-
dard stimuli are both identical white, and preferences
must be equal. It should be noted, however, that there
is no requirement for the purity-vs.-preference curve to
be monotonically increasing. For some above-zero puri-
ties, the preference for the chromatic stimulus could in
principle lie below 50% (the white standard stimulus
could be preferred).
Fig. 1. Results of Experiment 1: Infants’ spontaneous hue preferences.
Group mean preferences are plotted in CIE 1931 (x,y) chromaticity space.
The cross shows the white point, and the triangle shows the gamut of the
video monitor. The center of each circle represents a stimulus, and the size
of the circle represents the infants’ group mean preference for that
stimulus over the white standard. Stimulus speciﬁcations and exact
preference values are given in Table 1.
ig. 2. Preference as a function of colorimetric purity. The abscissa shows
olorimetric purity and the ordinate shows the mean percent preference
r the chromatic disk in each pair. The stimuli plotted in this ﬁgure lie
long six color lines (lines of constant dominant wavelength) radiating
om the white point in CIE color space. The average standard error of the
ean preference was about 2%. Stimuli along each color line are ﬁtted
ith a Weibull function. The dotted lines at 55%, 65%, and 75% show the
three preference values used for generating iso-preference contours.
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were selected for generation of iso-preference contours.
For each of the six color lines, the ﬁtted Weibull functions
were used to estimate the colorimetric purities that would
yield each of these preferences. These purities were convert-
ed to CIE 1931(x,y) chromaticity coordinates. 55%, 65%,
and 75% iso-preference contours were then created by tak-
ing a convex hull of the data points for each percent pref-
erence. (The convex hull of a set of points is the intersection
of all convex sets which contain the points.) A third order
spline was used to connect the points with a curve, and dis-
continuities in the ﬁtted curves were smoothed by eye. Note
that the iso-preference contours are intended only as a
qualitative analysis, intended to illustrate the data pictori-
ally and allow the intuitive visualization of trends.
Fourth, to facilitate quantitative comparisons among
preference values, a bootstrap procedure (Efron & Tibsh-
irani, 1994) was used to generate standard errors of prefer-
ence values at a ﬁxed colorimetric purity of 30%. This
purity value was chosen for the analysis because it was near
the maximum purity available along three of our color
lines. For the bootstrap procedure, each of the stimuli
along a given color line was initially resampled once, with
replacement, with a sample size of 10. A Weibull function
was ﬁtted to this set of values, and the preference at 30%
purity was estimated. This procedure was repeated 100
times for each color line, and means and standard errors
of the estimated preferences were determined. The mean
values derived from the bootstrap procedure were highly
similar to the values interpolated from the original Weibull
functions. The average standard error generated by the
bootstrap procedure was about 1%.
Finally, we performed a one-way analysis of variance on
the resampled data with color line as the factor. Statistical
signiﬁcance in the ANOVA shows that purity has an inﬂu-
ence on infants’ preferences. The measure 1-g2 indicates
what percentage of the variance in the preference data is
explained by the purity hypothesis.
3.3. Experiment 1: Results
The results of Experiment 1 for all 22 chromatic stimuli
are plotted in CIE 1931 (x,y) chromaticity space in Fig. 1.
Exact preference values are given in Table 1. The variations
in purity in Fig. 1 deviate slightly from straight lines due to
the discrete luminance values available for each video gun,
in combination with our decision to optimize the isolumi-
nance of the stimuli at the expense of exact chromaticity
values.
The data show two main trends. First, infants’ looking
preferences were uniformly above 50%; all of the chromatic
stimuli that we tested were preferred to white. And second,
when the range of preferences is adequately large, as it is
for blue, purple, and red stimuli, preferences increase regu-
larly with increasing colorimetric purity. With only two
small reversals, stimuli of increasing purity along each col-
or line are increasingly preferred to white.Fig. 2 shows the group mean preferences for stimuli
from each of the six color lines, plotted against colorimetric
purity. Along each color line, colorimetric purity strongly
inﬂuences preference, with increasing colorimetric purity
leading to increasing preference over the white standard.
However, the rate of increase of preference with colorimet-F
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Fig. 4. Preferences for stimuli equated in colorimetric purity at 30%. The
abscissa shows the color line, and the ordinate shows the preferences
derived from the data of Experiment 1. Error bars show standard errors
derived from the bootstrap analysis in Experiment 1. The average
standard error was about 1%. On the hypothesis that colorimetric purity
determines preference, all of the preferences are predicted to be equal. The
colorimetric purity hypothesis is strongly rejected.
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wavelengths. At any ﬁxed purity, the preference for blue
is always higher than the preference for any other color,
followed by purple and then red. The preferences for green,
yellow and blue-green rise more slowly, and do not reach
values above 60% even at the highest available purities.
Fig. 3 shows a pictorial representation of both isoprefer-
ence and iso-purity contours. The thick lines show iso-pref-
erence contours for 55%, 65% and 75% preference. The
55% preference contour is fully deﬁned by the data; it is
an egg-shaped contour that comes closest to the white
point for blue and purple stimuli, and is elongated toward
the yellow and green regions in CIE space. The 65% pref-
erence contour is deﬁned only in the blue-purple-red-yellow
regions. Since preferences less than 65% were observed at
the other eight points that lie along the gamut limit (see
Fig 1 and Table 1), the rest of the 65% preference contour
must fall outside the video gamut. The same is true for the
75% iso-preference contour, to which only blue and purple
stimuli gave high enough preferences to contribute. Since
they fall outside the gamut in the upper portion of CIE
space, the 65% and 75% iso-preference contours must be
elongated away from the blue and violet regions in this
space.
The dotted lines show iso-purity contours, which are
physically deﬁned. Iso-purity contours are asymmetrical,
coming closest to the white point in the yellow, and being
elongated toward the very short wavelength (violet) corner
of CIE space, where values of yb are very small.
Comparison of the two sets of contours in Fig. 3 allows
a visual test of the hypothesis that infants’ color preferenc-
es across color lines will be predictable from stimulus puri-
ty. By inspection, iso-preference contours do not followFig. 3. Iso-preference contours in CIE color space. The dotted lines show
iso-purity contours (0.15, 0.3, 0.5, 0.75, 0.95 and 1). The bold lines show
the 55%, 65% and 75% iso-preference contours estimated from the data of
Experiment 1.iso-purity contours. Bornstein’s (1965) data allowed rejec-
tion of the purity hypothesis at 100% purity, and the pres-
ent data reject it at lower purity values.
Fig. 4 shows the quantitative analysis of the colorimetric
purity hypothesis. For each of the six color lines, prefer-
ence values for stimuli of 30% purity are shown; the prefer-
ence values are derived from the data of Experiment 1, and
the standard errors are derived from the bootstrap analysis.
Under the hypothesis that colorimetric purity determines
preference, all of these preferences are predicted to be
equal. In fact, the diﬀerences in preference are very large,
with the highest preferences being found for blue and the
lowest for green. There is a 25.4% diﬀerence in preference
between the most preferred and the least preferred stimuli
matched in purity at 30%. Since the range of observed
preferences with these stimuli is only about 30% between
(50% and 80%) (Civan et al., 2005), this diﬀerence is very
large in practical terms.
Finally, an analysis of variance showed that the prefer-
ences on diﬀerent color lines diﬀer reliably (one-way
ANOVA F (5,594) = 4739; P < 0.001). Across color lines,
variations in colorimetric purity account for only 2.4% of
the variance in the observed preference values. In sum,
and as expected, we reject the colorimetric purity hypothe-
sis for lower purity values, as Bornstein’s data reject it for
purity values near 100%.
4. Experiment 2: Infant chromatic detection thresholds
In Experiment 2 we measured infants’ chromatic detec-
tion thresholds along the six standard color lines. These
data allowed us to generate iso-detection contours, and
address the hypothesis that infants’ spontaneous color
preferences, as seen in Experiment 1, can be predicted from
their chromatic detection thresholds.
ig. 5. Results of Experiment 2: Infant chromatic detection. The abscissa
ows colorimetric purity and the ordinate shows the observer’s percent
orrect. The average standard error was about 10%. Stimuli along each
olor line are ﬁtted with a Weibull function. The dotted lines at 55%, 65%,
nd 75% show the three percent correct values used for generating iso-
etection contours.
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Thirty infants were tested in Experiment 2, with 10
infants per group. Each infant was tested for two 1-h ses-
sions, with stimuli from two color lines on opposite sides
of the white point tested in separate sessions. Within each
session, each infant was tested with 1–4 diﬀerent stimuli
from the same color line, in interleaved trials. One hundred
trials per color line were obtained. All infants completed
the required number of trials.
Stimuli were generated as described in Experiment 1
with the following modiﬁcations. In Experiment 2 only a
single stimulus—a chromatic disk—was presented on the
screen on each trial. Since we were interested in chromatic
detection thresholds, the luminance of the surround was
increased to 4.5 cd/m2 (isoluminant with the chromatic
stimuli).
The infant testing method was forced-choice preferential
looking (Teller, 1979). On each trial the chromatic stimulus
was presented randomly on either the left or the right side
the screen. The observer was blind to the stimulus location.
The observer’s task was to judge the location of the stimu-
lus on each trial, and feedback was provided. The depen-
dent variable was the observer’s percent correct in
judging the location of each stimulus.
4.2. Experiment 2: Analysis
As in Experiment 1, analysis of the data included several
steps. First, group mean percent correct values and stan-
dard errors were calculated for each of the 22 chromatic
stimuli. The mean standard error was about 10%.
Second, the data along each of the six color lines were
ﬁtted with Weibull functions. As in the analysis of the pref-
erence data, the Weibulls had an exponent of 1. The lower
asymptote was set to 0.5, the standard value for forced-
choice data (Teller, 1979). The upper asymptote was set
to 0.95, a value typical in FPL testing, and best illustrated
in Teller, Mar, and Preston (1992).
Third, in parallel to Experiment 1, three values of per-
cent correct—55%, 65%, and 75%—were selected for gen-
eration of iso-detection contours. For each of the six
color lines, the ﬁtted Weibull functions were used to esti-
mate the colorimetric purities that would yield each of
these percent correct values. These purities were converted
to CIE 1931(x,y) chromaticity coordinates. Convex hulls
and third order splines were then used as before to generate
55%, 65%, and 75% iso-detection contours, and discontinu-
ities in the ﬁtted curves were smoothed by eye.
Fourth, a bootstrap procedure was used in combination
with the data from Experiment 1 to estimate preference val-
ues from percents correct, and to generate standard errors
of the estimated preference values. Percents correct for
each of the stimuli along a given color line in Fig. 5 (below)
were resampled once, with replacement, with a sample size
of 10. A Weibull function was ﬁtted to the resampled data,
and the purity required for a given percent correct (say,F
sh
c
c
a
d65%) was estimated from the Weibull function. Weibull ﬁts
to the data of Experiment 1 were then used to translate the
estimated purity to an estimated preference. This procedure
was repeated 100 times, and means and standard errors of
the estimated preferences were determined. The procedure
was repeated for each color line, and for each of the three
percents correct (55%, 65%, 75%). As was true in Experi-
ment 1, the mean preferences derived from the bootstrap
analysis were highly similar to the mean preferences
derived directly from the Weibull functions. Standard
errors of the mean estimated preference values, derived
from the bootstrap analysis, were about 1% for 55% cor-
rect, 2% for 65% correct, and 3% for 75% correct.
4.3. Experiment 2: Results
Observers’ mean percents correct for stimuli of diﬀerent
colorimetric purities along each of the six color lines are
shown in Fig. 5, and the data are summarized in Table 2.
Along each color line, the psychometric functions are
well-behaved—the observer’s percent correct increases reg-
ularly with increasing colorimetric purity. The rate of
increase varies for diﬀerent color lines. It is steepest for
blue, decreases regularly for purple, red, green and yellow,
and is shallowest for blue-green. This order is similar to
that for the spontaneous preferences seen in Experiment
1, although the four lowest functions diﬀer from each other
more in the present experiment.
At the request of a reviewer, Fig. 6 shows preference and
detection data together for stimuli along each color line.
This ﬁgure facilitates a direct comparison of detection
Table 2
Data from Experiment 2
Name (dominant
wavelength nm)
Colorimetric
purity (%)
CIE x CIE y % Correct
Blue(467)a 27 0.18 0.12 93
13.5 0.22 0.17 88
6.5 0.26 0.23 80
3.2 0.29 0.27 63
Blue-green (490)a 31 0.21 0.32 62
15.5 0.31 0.33 54
7.8 0.32 0.33 47
Green (544)a 83 0.29 0.60 77
41.5 0.31 0.43 60
20.8 0.32 0.37 54
Yellow (577)a 48 0.46 0.47 80
24 0.35 0.36 60
12 0.34 0.35 53
Red (606)a 89 0.62 0.35 87
45.5 0.48 0.33 81
22.8 0.40 0.33 68
10.9 0.37 0.33 46
Purple (n/a)a 32 0.36 0.19 83
16 0.36 0.24 70
8 0.35 0.28 54
3.8 0.34 0.32 50
Columns 1–4 as in Table 1. Column 5: observer’s percent correct.
a Standard color lines.
Fig. 6. Comparison of data from Experiments 1 and 2. The left-hand ordinat
symbols are referred to the left-hand ordinate, and show the preference data f
correct; the open symbols are referred to the right-hand ordinate, and show t
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without the inﬂuence of ﬁtted curves. For all but one pair
of points (purple at about 10% purity), the observer’s per-
cent correct in the detection task is greater than the infant’s
percent preference in the preference task. This diﬀerence
tends to increase with increasing purity and with increasing
performance levels in cases in which the data are available.
Unfortunately, the diﬀerent numbers of points and ranges
of purity available for the diﬀerent color lines make other
conclusions diﬃcult to draw on the basis of the raw data.
Fig. 7 shows iso-detection contours at 55%, 65%, and
75% correct, together with the three iso-preference con-
tours repeated from Experiment 1 (Fig. 3). As with the
iso-preference contours, the 65% and 75% iso-detection
contours are incomplete, with the incomplete segments
constrained by the data to fall outside the gamut limit.
In each case, the detection contour falls inside the pref-
erence contour at the same percentage level; that is, the
55% detection contour falls within the 55% preference con-
tour, and so forth. In each case, the two contours fall closer
together in the blue and purple region and are more widely
separated elsewhere.
Of course the contours with the matching percentage
need not be the appropriate comparison; the 55% prefer-e shows the infants’ percent preference for the chromatic disk; the closed
rom Experiment 1. The right-hand ordinate shows the observer’s percent
he detection data from Experiment 2.
Fig. 7. Comparison of iso-preference and iso-detection contours. The
dotted lines show the iso-detection contours for 55%, 65%, and 75%
correct. The bold lines show the iso-preference contours for 55%, 65%,
and 75% preference, repeated from Fig. 3.
Fig. 8. Preferences for stimuli equated in detectability at 55%, 65%, and
75%. The abscissa shows the color line, and the ordinate shows the
preferences derived from the data of Experiment 1. Error bars show
standard errors based on the bootstrap analysis in Experiment 2. On the
hypothesis that detectability determines preference, all of the preferences
are predicted to be equal. The detectability hypothesis is rejected.
1376 I. Zemach et al. / Vision Research 47 (2007) 1368–1381ence contour is roughly as well ﬁt by the 55% and the 65%
detection contour. Overall, although the two sets of con-
tours do not agree well, the similarity is clearly greater than
was the similarity between iso-preference and iso-purity
contours. We return brieﬂy to the question of detection
vs. preference in the Discussion section.
Fig. 8 shows the quantitative analysis of the detectability
hypothesis. If the hypothesis that detectability controls
preference were correct, then for a ﬁxed detectability the
observed preferences on all color lines are predicted to be
equal. In fact, preferences vary with color line at all three
levels of detectability. While the absolute preferences vary
with the detectability level, the pattern of preferences
remains relatively constant, with a maximum preference
for purple and a minimum for yellow. In each case, the
preferences on diﬀerent color lines diﬀer reliably [one-way
ANOVA; 55% correct: F (5,594) = 216.5, P < 0.0001, 65%
correct: F (5,594) = 206.8, P < 0.0001, 75% correct:
F (5,594) = 270.9, P < 0.0001]. However, the diﬀerences in
preference are smaller than they were for the purity analy-
sis; for example, there is only a 10.6% diﬀerence in prefer-
ence between purple and yellow for the 65% correct
criterion. On average, for the three levels of detectability,
diﬀerences in detectability explain 34% of the variance in
the preference data.
5. Experiment 3: Adult saturation matches
In Experiment 3, adult subjects matched stimuli from
the six standard color lines in saturation. An iso-saturation
contour was generated and compared to the infant iso-pref-
erence contours from Experiment 1. These data allowed usto address the hypothesis that infants’ spontaneous color
preferences across diﬀerent color lines can be predicted
from adult-like variations in saturation.
5.1. Experiment 3: Methods
Stimuli were generated on the same color video system
that was used in Experiments 1 and 2, and the same six col-
or lines were used. The luminance of the surround was 0.45
cd/m2. The maximal purity blue-green stimulus was used as
the standard, because among the maximal purity stimuli on
Table 3
Results of Experiment 3
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urated. Thus, saturation matches could be made by varying
the purities of each of the other ﬁve stimuli.
Four adult female subjects, ages 23 to 39, were tested
with the method of adjustment. The subject could adjust
the purity of the test stimulus along the color line by
tapping keys on a keyboard. The task was to adjust
the colorimetric purity of the test disk until it appeared
equal in saturation to that of the blue-green standard.
The instructions were: ‘‘You will see two disks on the
screen. One is ﬁxed and the other one is adjustable.
Please use two buttons on the keypad to adjust the sat-
uration of the adjustable disk up and down until both
disks match in saturation. Then hit a third button to
accept the setting.’’ If the subject requested a deﬁnition
of saturation, she was told, ‘‘if white is on one end of
a line and red on the other end, than saturation increases
along the line, from white through diﬀerent shades of
pink to red’’. Each subject made two matches for each
test stimulus.
5.2. Experiment 3: Analysis
All analyses were similar to those in Experiment 2. In
particular, a bootstrap analysis similar to that used in
Experiment 2 was used to estimate the standard errors of
matches on each color line.
Indow and Stevens (1966) and Indow (1978) provide
magnitude estimation data for the saturations of stimuli
of diﬀerent purities and dominant wavelengths. From those
we estimated the CIE coordinates of sets of stimuli judged
to have the same saturation. Three diﬀerent criterion levels
were used. Each of the solid curves in Fig. 9 (below) thus
represents an iso-saturaation contour.Fig. 9. Results of Experiment 3: An adult iso-saturation contour. The
dotted line shows an adult iso-saturation contour, as described in the text.
The bold lines show iso-saturation curves derived from Indow and Stevens
(1966) and Indow (1978).5.3. Experiment 3: Results
The purities required for saturation matches for all four
subjects are shown in Table 3. As expected, stimuli of equal
purity on diﬀerent color lines do not appear equally satu-
rated—diﬀerent purities are required for saturation match-
es on diﬀerent color lines. In particular, higher purities are
required for Yellow and Purple, and lower purities for
Blue, Red, and Green.
An isosaturation contour based on these data is shown
in Fig. 9. The data are in general agreement with the classic
data of Indow and Stevens (1966) and Indow (1978), also
shown in Fig. 9 for comparison. The agreement with the
empirical magnitude estimation data is better than the
agreement with better known but theoretically derived
iso-saturation contours (e.g. Wyszecki & Stiles, 1982, pp.
512 & 672).
Fig. 10 shows a comparison of the adult iso-saturation
contour to the three iso-preference contours from Experi-
ment 1 (repeated from Fig. 3). By inspection, the two sets
of contours do not have the same shape. The infant iso-
preference contours are, as always, stretched away from
the blue and purple region, whereas the adult iso-satura-
tion contour is stretched toward the blue region of CIE
space.
Fig. 11 shows the quantitative analysis of the adult
saturation hypothesis. If the hypothesis that an adult-like
saturation controls infant preferences were correct, then
stimuli matched in saturation should all be equally pre-
ferred, and all of the preferences in Fig. 11 should beColor line Subject Purity CIE x CTE y
Blue AG 13 0.22 0.17
JL 46 0.16 0.08
SS 10 0.23 0.19
AT 16 0.21 0.16
Purple AG 55 0.35 0.255
JL 80 0.35 0.23
SS 60 0.35 0.25
AT 60 0.35 0.25
Red AG 48 0.49 0.34
JL 50 0.50 0.34
SS 42 0.47 0.34
AT 50 0.50 0.34
Yellow AG 72 0.43 0.45
JL 67 0.42 0.44
SS 67 0.42 0.44
AT 72 0.43 0.45
Green AG 53 0.30 0.46
JL 55 0.30 0.47
SS 50 0.30 0.45
AT 50 0.30 0.45
Column 1, color line; column 2, subject; columns 3, 4, and 5; colorimetric
purity, and x and y coordinates respectively for the subjects’ saturation
matches.
Fig. 10. Comparison of data from Experiments 1 and 3. The dotted line
repeats the adult iso-saturation contour derived from Experiment 3. The
bold lines show the infant iso-preference contours for 55%, 65%, and 75%
preference, repeated from Fig. 3.
Fig. 11. Preferences for stimuli equated in adult saturation. The abscissa
shows the color line, and the ordinate shows the preferencesderived from the
data of Experiment 1. Error bars show standard errors based on the
bootstrap analysis in Experiment 3. on the hypothesis that adult saturation
values allow predictions of infant preferences, all of the preferences should
be equal. The adult saturation hypothesis is strongly rejected.
1378 I. Zemach et al. / Vision Research 47 (2007) 1368–1381equal. In fact, across the six color lines, there are large
diﬀerences in preference among saturation-matched stim-
uli. The highest observed preference is for blue, and the
lowest for green; the two preferences diﬀer by 23.8 per-
centage points. The preferences on diﬀerent color lines
diﬀer reliably (one-way ANOVA: F (5,594) = 3452.733,
P < 0.0001). Finally, only 3% of the variance among
preferences on the diﬀerent color lines is accounted for
by equating the adult saturation of the stimuli. In sum,
the saturation hypothesis, like the purity hypothesis, is
soundly rejected.6. Discussion
The results of our experiments can be summarized as
follows. In Experiment 1, we measured spontaneous prefer-
ences for chromatic stimuli vs white, along six color lines in
CIE space. We targeted stimuli with preferences above
60%. In this preference range, along each color line with
suﬃcient range, the higher the colorimetric purity the high-
er the preference over white; thus, along a ﬁxed color line,
colorimetric purity is a highly eﬀective stimulus parameter.
However, across diﬀerent color lines, colorimetric purity is
a poor predictor of infant preferences, accounting for only
2.4% of the variance. This eﬀect was originally shown by
Bornstein (1975) for stimuli of 100% purity. Our experi-
ment replicates his ﬁnding, and extends it to lower purity
values.
In Experiment 2, we measured detectability for sets of
stimuli along the six standard color lines, and attempted
to predict preferences from detectability. Stimulus detect-
ability is a moderately good predictor, but still accounts
for somewhat less than half (34%) of the variance in infant
preferences. And in Experiment 3, we measured an adult
iso-saturation contour for stimuli on the six standard color
lines. Like colorimetric purity, adult saturation does not
predict infant preferences across color lines; in fact, it
accounts for only 3% of the variance. Thus, of the three
variables—colorimetric purity, detectability, and adult sat-
uration—detectability is the best predictor of infant hue
preferences, but none of the three variables accounts for
as much as half of the variance.
6.1. Comparison to previous ﬁndings
Our experimental paradigm diﬀered from those of Born-
stein (1975) and Adams (1987) in several ways. Probably
most importantly, diﬀerent stimulus displays were used in
the three studies. Both Bornstein and Adams used a single
stimulus method, measuring looking times to each of sever-
al stimuli presented singly. Bornstein also used pairs of
stimuli, pairing each chromatic stimulus with each other
chromatic stimulus, and averaging the looking time for
each stimulus across pairs. We also used stimulus pairs,
but we tested each chromatic stimulus against a ﬁxed white
standard.
Clearly, these three choices of stimuli do not quite
address the same question. If the data are to be compared,
it is important to ask whether or not preferences among
chromatic stimuli and preferences for each chromatic stim-
ulus over white provide mutually consistent preference
orders among chromatic stimuli. For example, if stimulus
A is highly preferred over white, and stimulus B is moder-
ately preferred over white, will A be preferred to B? Simi-
larly, if two stimuli A and B are each equally preferred
over white (say, at 70%), will they be equally preferred to
each other (i.e. at 50%)? We conducted two small experi-
ments of this kind; they are described in the accompanying
paper on stochastic transitivity (Zemach & Teller, submit-
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the two diﬀerent measures is good.
Despite the variation in stimulus displays, the orders of
preferences are reasonably similar across the three studies.
Bornstein (1975) found the highest preferences for blue and
red, while we found the highest preferences for blue and
purple (Bornstein did not test a stimulus resembling our
purple). However, some of the details of the results diﬀer
among the studies. A higher preference for red was seen
in Bornstein’s experiment than in the present one. This dif-
ference is probably caused by the diﬀerence between the
stimuli that are called red in the two studies. The chroma-
ticity coordinates of our red phosphor stimulus were closer
to those for Bornstein’s orange (600 nm) than for his red
(630 nm), and a lower preference for our red would be pre-
dicted from his data.
Similarly, Adams (1987) did not observe the high prefer-
ence for blue seen in both Bornstein’s study and ours.
Again, this discrepancy may be due to a stimulus diﬀer-
ence. Adam’s red, yellow and green stimuli were similar
to ours in chromaticity, but his blue stimulus had CIE
coordinates of (0.19, 0.18). This stimulus falls near our
gamut limit, but closer to our blue-blue-green than to our
blue. Since infant preferences fall oﬀ rapidly along this
region of the gamut limit, a low preference for this stimulus
is consistent with our data.
In summary, discrepancies in infant preference data
across studies arise at least partly from inconsistencies in
the use of color names to describe chromatic stimuli. When
appropriate stimuli and color names are used, we believe
that Bornstein’s original description of infants’ preferences
is likely to be sustained, with the highest preferences seen
for blue (460 nm) and for long wavelength red (or specula-
tively, perhaps even for unique red (Wyszecki and Stiles, p.
487)). To this description the present study adds that pur-
ple stimuli with chromaticity coordinates in the vicinity of
0.36, 0.19 are also highly preferred.
6.2. Where is the infant’s preference minimum?
Among the narrow-band stimuli tested by Bornstein
(1975), the infants’ preferences showed a sharp minimum
at 560 nm, in the yellow-green region of the spectrum. This
observation can lead to the speculation that yellow-green
might actually be disliked or avoided by infants. Thus,
Bornstein’s data might have been the catalyst for selecting
yellow-green as the color of the ‘‘Mr.Yuk’’ stickers that are
sometimes attached to poisonous materials as a means of
discouraging children from playing with them. Our results
are similar to Bornstein’s in showing relatively low prefer-
ences for blue-green, green, yellow-green, and yellow as
compared with blue, purple and red. However, our data
diﬀer from Bornstein’s in that they do not show any sharp
preference minimum at yellow-green as opposed to yellow
and green (see Fig. 1).
Moreover, both Adams (1987) data and ours show that
infants look longer at all chromatic stimuli tested than atwhite. These data suggest that the infant’s true preference
minimum lies within the CIE diagram, at or near the white
point. A more precise determination of the minimum
awaits future studies.
6.3. Gender diﬀerences
The question of gender diﬀerences was raised by a col-
league after our data collection was completed. To test post
hoc for gender diﬀerences, we calculated color preferences
for males and females separately for each of the 22 chro-
matic stimuli. For most stimuli there were diﬀerent num-
bers of males and females in the group. After Bonferroni
correction for a t-test with an alpha level of 0.05 we found
no statistically signiﬁcant diﬀerences in preference between
males and females.
6.4. Detection vs. preference
Figs 6 and 7 also allow us an opportunity to address the
relationship between detection and preference in infant
vision (cf. Civan et al., 2005). In the adult vision literature
it has been argued that detectability must always be higher
than preference, as one cannot prefer that which one does
not see (Thomas, 1985). This rule holds for the detection
and preference data summarized in Fig. 6, in which with
one exception, detection falls above preference. It similarly
holds for the contours in Fig. 7: the 55% preference con-
tour falls outside the 55% detection contour, and so forth.
However, the relationship between detectability and prefer-
ence is not constant—blue and purple stimuli are preferred
at close to the level at which they are detected, whereas
stimuli of the other colors reveal a considerable gap
between detectability and preference. Apparently no ﬁxed
rule applies to this relationship in 3-month-olds.
6.5. Luminance revisited
In the present experiments we equated luminances
across wavelength compositions on the basis of the adult
photopic spectral luminosity function V (k). But when
V (k) is used as the standard, might there be residual lumi-
nance diﬀerences for infant subjects? The question of infant
luminance matches has been treated many time in the
infant color vision literature—see in particular Bieber
et al., 1995; Brown, 1990; Peeples and Teller, 1975; Perev-
erzeva et al., 2002; Teller and Bornstein, 1987; Teller et al.,
1992—and the arguments will not be repeated in detail
here.
Brieﬂy, when any adult standard is used to equate lumi-
nances for infants, residual luminance diﬀerences for
infants could arise in either of two general ways. First,
infant and adult spectral luminosity functions could diﬀer,
so that a luminance match for the average adult would not
be a luminance match for the average infant. The most
convincing argument of this kind arises from the fact that
the infant lens is more transparent than the adult lens at
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lens transparency could in principle increase the relative
retinal illuminances of blue and purple stimuli for infants,
possibly making them more attractive. However, this prob-
lem is much reduced with video stimuli, which contain little
very short wavelength light (Smith & Pokorny, 1995). Sim-
ilarly, recent motion nulling studies from our laboratory
have shown a high degree of similarity between infant
and adult spectral sensitivity for video generated stimuli,
including the blue phosphor (Chien et al., 2000; Pereverz-
eva et al., 2002). Moreover, neither Bornstein’s nor Adams’
blue stimuli contained much very short wavelength light.
Thus, the low absorbance of the infant lens at short wave-
lengths is unlikely to explain the high preference of infants
for blue and purple stimuli. Other options are discussed in
the literature cited above.
The second possibility is that whatever standard is used
in equating luminances may not be the appropriate stan-
dard to use under the conditions of the particular experi-
ment, for either adults or infants. To take the case in
point, a luminance of 4.5 cd/m2 was used in our study,
because this was the maximum luminance of the blue phos-
phor. Yet this luminance level is sometimes considered
slightly mesopic, and it can be argued that a diﬀerent stan-
dard, such as V10k, could be more appropriate than V(k)
(cf. Chien et al., 2000; Teller et al., 2004).
We believe, however, that arguments based on lumi-
nance mismatches have little force in the present context,
for two reasons. First, these issues initially arose in the con-
text of detection experiments designed to answer the ques-
tion, can infants respond to purely chromatic diﬀerences
(Peeples & Teller, 1975; Teller et al., 1978)? In such exper-
iments, a single chromatic test stimulus was embedded in a
contiguous white surround. The problem of luminance mis-
matches was solved by testing the infant with each of many
chromatic test stimuli, varying in luminance in small steps,
in order to be sure to confront the infant with a luminance
match. Under these stimulus conditions adults are sensitive
to luminance diﬀerences of less than 1%, and infants to dif-
ferences as small as 10% (Peeples & Teller, 1975). More-
over, the infant presumably responds to any detectable
dimension of the stimulus, and the whole force of the
experiment rests on ruling out luminance artifacts, in order
to conclude that the infant can detect the stimulus on the
basis of chromaticity.
In preference experiments, on the other hand, the ques-
tion at issue is whether infants show looking preferences
between two supra-threshold stimuli. The viewing condi-
tions are very diﬀerent. The two test stimuli are separated
by 30 center-to-center (20 inner edge to inner edge),
and embedded in a surround of much lower luminance.
Adults are much less sensitive to small luminance diﬀerenc-
es under these stimulus conditions, and small luminance
diﬀerences between the two test stimuli are probably unde-
tectable for infants.
And second, in an earlier experiment in this series, we
(Teller et al., 2004) deliberately introduced luminance dif-ferences between the white and chromatic test stimuli, in
order to equate the stimuli for adult brightness (rather
than luminance). In particular, in order to make a
brightness match to the blue phosphor stimulus, adult
subjects increased the luminance of the white standard
stimulus by about a factor of ﬁve (about 0.7 log units).
These departures from isoluminance made little diﬀerence
to the infant preferences, and in particular they left the
preference for blue over white virtually unchanged. Thus
when chromatic diﬀerences are present, they (rather than
luminance diﬀerences) dominate infants’ spontaneous
preferences.
In sum, we believe that preference experiments using
stimuli like ours are outside the domain in which exact
luminance matches are required. In particular, the bright-
ness experiment of (Teller et al., 2004) provides strong
evidence that neither luminance nor brightness controls
infants’ spontaneous ‘‘hue’’ preferences. For even more
deﬁnitive evidence, one could vary luminance systemati-
cally in small steps, and show that ‘‘hue’’ preferences
are robust across all relative luminance values (cf. Pee-
ples & Teller, 1975); but this would be very time-con-
suming, and seems unnecessary given the body of data
now available.
6.6. Causes of infants’ spontaneous ‘‘hue’’ preferences
We now return to the three original hypotheses for the
causes of infants’ spontaneous preferences: colorimetric
purity, detection thresholds, and adult-like variations in
saturation. Changes in all three of these dimensions depend
on manipulation of the same stimulus variable, colorimet-
ric purity. The question is, which of the three rescalings of
the color lines yields the best ﬁt to the preference data, and
how good is the resulting ﬁt? Our analyses of variance
show that across color lines colorimetric purity accounts
for only 2.4% of the variance in the preference data; infant
detection thresholds for 34%; and adult-like saturation for
only 3%. Thus, scaling by infant detection thresholds does
the best job, but still accounts for less than half of the var-
iance in the data.
In summary, in the present paper we show that nei-
ther colorimetric purity, nor infant detection thresholds,
nor adult-like diﬀerences in saturation provide a good
account of infant spontaneous ‘‘hue’’ preferences across
color lines. Even after chromatic stimuli are equated
for each of these variables, large variations in preference
remain, with the highest preferences occurring for blue
and purple (and probably long-wavelength red). We
believe that the most likely explanation of infants’
‘‘hue’’ preferences is that infants indeed perceive lights
of diﬀerent dominant wavelengths as having diﬀerent
hues, and even at matched saturation and brightness they
ﬁnd blues, purples and reds more visually compelling
than greens and yellows. A deeper understanding of this
phenomenon awaits a quantitative model of color
preferences.
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